INTRODUCTION

Endoscopic retrograde cholangiopancreatography (ERCP)
is commonly performed to treat hepato-pancreato-biliary disease. The rate of ERCP-related bowel perforation is 0.3 to 1.0% [1] [2] [3] . The mortality rate in perforated patients is as high as 25% [4] . Many previous reports have described the management of perforation injuries associated with ERCP.
Some have characterized treatment strategies according to location and mechanism of bowel perforation [5, 6] . How-thesurgery.or.kr
Our proposal
Stapfer et al. [5] Howard et al. [6] Type I Injury by endoscope before approach to papilla 
METHODS
Between April 1994 and December 2009, 7,638 cases of ERCP were performed. Among these patients, twelve patients (0.16%) experienced perforations that were associated with ERCP. One patient with suspected injury during ERCP was transferred to our hospital for management.
The patient was included in our study. We retrospectively reviewed the medical records of 13 patients who were managed for perforations associated with ERCP.
We classified ERCP-related perforations according to mechanism of injury in terms of the perforating device. If bowel perforation was identified while the endoscope was inserted into the second portion of duodenum or while it was withdrawn from duodenum, the perforation was caused by the endoscopic blind tip or insertion tube. We classified this type of injury as type I.
If the injury was caused by a cannulation catheter or a knife for sphincterotomy, the injury was classified as type II.
Injuries caused by guidewires after cannulation of the papilla during exploration of the bile duct or pancreatic duct was classified as type III (Table 1 , Fig. 1 ).
We analyzed data regarding the clinical manifestations, diagnostic methods, radiologic findings, methods of management, and clinical outcomes of all patients.
RESULTS
Demographic characteristics
The sample included six male and seven female patients with a median age of 65.1 (±10.7) years. Patient no. 6 This patient was transfer to other hospital at the request of the patient after 4 days of conservative management. (Table 3) .
Methods of treatment
Type I injuries (Table 4 Type II injuries (Table 5) Of five patients, two were managed conservatively. The Type III injuries (Table 6) Of four patients, three were successfully managed conservatively with endoscopic nasobilliary drainage (ENBD).
Perforations by guidewire were identified by contrast extra-vasation during ERCP, unusual gas on CT and perirenal free air on simple X-ray. All three cases experienced no difficulties during the ERCP procedure.
One underwent surgical treatment. The patient experi- Fig. 1 ).
ERCP course could be divided to 3 steps. The 1st step is approaching the second portion of the duodenum. The 2nd step is cannulation of ampulla of Vater by catheter.
Sphincterotomy could be done using sphincterotomy knife. The 3rd step is investigation of bile duct and pancreatic duct. The main device used differs from step to step.
Type I injuries are induced by endoscopic tip or insertion tube. The diameter of endoscopic tip for ERCP is approximately equal to that of a finger, and the camera view is from the side unlike the usual gastroduodenoscopic tip view [8] . ERCP endoscopes are so thick and stiff that bowel injuries may be aggravated in proportion to the size of perforation. During advancement of the endoscope, the side of the bowel could be torn by insertion tube. Large perforations are not expected to heal without surgery due to severe intra-peritoneal contamination and sepsis.
Therefore, we propose that exploratory laparotomy is a better choice for treatment of Type I injuries. In the present study, patients with type I injuries were all treated surgi- method. Of course, some cases require surgery after endoscopic clipping due to hemodynamic instability [8] . It is necessary to closely observe patients' vital signs after endoscopic closure of bowel perforations. Ryozawa et al. [11] reported that the development of double-balloon endoscopes had resulted in improved success rates for ERCP in patients with Roux-en-Y reconstruction. In our patient sample, one patient experienced duodenal perforation with Billroth II anasotmosis. We believe that it is advisable to use double-balloon endoscopy in cases with Billroth II anatomic variations.
Type II injuries are induced by sphincterotomy knives or cannulation catheters. Generally, the diameter of ERCP cannulation catheters is 5 to 7 Fr. This diameter is so small that perforations by cannulae may seal naturally. However, if significant bile or pancreatic juice leakage occurs, the healing of injured tissue due to irritant fluid would be difficult and emergency surgery should be considered. We believe that fluid collection in the intra-or retro-peritoneal cavity is a significant operative indication of type II injures induced by sphincterotomy knives or cannulation catheters. Stapfer et al. [5] reported that fluid collection in the retroperitoneal or peritoneal cavity is an indicator for surgery after ERCP-related duodenal perforation. Morgan et al. [8] reported that persistent collection of infected fluids collection can prevent the healing of the perforation site.
Husain et al. [12] reported that 33% (7/21) of patients showed extra-luminal retroperitoneal air following endoscopic sphincterotomy and that this observation was not clinically significant. Stapfer et al. [5] insisted that retroperitoneal air alone probably requires no additional treat-thesurgery.or.kr Some surgeons recommend primary closure and drainage in the case of early detection [13] . However, we prefer duodenojejunostomy. This procedure is thought to have the benefit of decompression of duodenal pressure through side-to-side anastomosis. The procedure is not so difficult and does not take very long; about 15 minutes.
Duodenojejunostomy could be another method in duodenal injury that requires operation.
Type III injuries are induced by guidewires after cannulation of the ampulla. The diameter of the guidewire is smaller than that of a cannulation catheter, and therefore perforations may be small and the location of perforation might be in the common bile duct or pancreatic duct passing through the ampulla of Vater. If ENBD was maintained, the pressure and flow in injured ducts might be lower than in injured ducts without ENBD. The possibility of being sealed-off is high and inflammation may be mild.
Therefore, the success rate of conservative management may be higher than in other types of bowel perforation.
Howard et al. [6] reported that patients who suffered guidewire perforations resolved with conservative treatment. In our study, all cases, except one (No. 13), were treated by conservative management with ENBD. This exceptional case had immediate operation due to severe abdominal pain and intra-abdominal free air. We presumed that the perforation was caused by the guidewire, because insertion of endoscopy to the duodenum was smooth and the cannulation of the ampulla was uneventful. In operation, we observed little inflammation around the operative field and were unable to find the location of the bowel perforation. The patient improved after T-tube choledochostomy. We thought that the effect of this operation would be similar to ENBD to decrease flow and pressure of common bile duct. Chung et al. [14] reported that improvement of symptoms within 24 hours was correlated with spontaneous recovery. Neither the presence of retroperitoneal air nor contrast leaks was predictive of the need for surgery. In our cases, we did not observe retroperitoneal air, but observed intra-abdominal free air. It was difficult to decide whether the immediate exploratory laparotomy of our patient was truly necessary. We think that conservative management with ENBD might have been sufficient after 24 hours observation in patient number 13.
When intra-abdominal free air occurs due to injury by guidewire, it is thought that conservative management with ENBD is possible. When surgery is recommended, immediate surgery is preferable to delayed surgery due to high morbidity (Fig.   2 ).
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